Abstract It is a common affair to settle disputes out of courts nowadays, through negotiation, mediation or any other mean. This has also been implemented over telecommunication means under the so-called Online Dispute Resolution methods. However, this new technology-supported approach is impersonal and cold, leaving aside important issues such as the disputants' body language, stress level or emotional response while being based on forms, e-mails or chat rooms. To overcome this shortcoming in this paper it is proposed the creation of intelligent environments for conflict resolution that can complement the existing tools with important knowledge about the context of interaction. This will allow decisionmakers to take better framed decisions based not only on figures but also on important contextual information, similarly to what happens when parties communicate in the physical presence of each other.
Introduction
The increase in the transaction volume of global B2C e-Commerce led to a whole new way of doing commerce globally. Now, we talk of electronic contracting performed in part or wholly by means of electronic agents. However, disputes are still likely to arise in these transactions, namely because of late shipments or products of low quality. Courts, that were shaped after the industrial era and are still paper-based, are not ready for both the amount and the new characteristics of these disputes. The immediate consequence is an increase in the waiting queues of courts, rendering judicial systems slow and unresponsive.
In a first attempt to address this problem, several alternatives to litigation in courts started to be adopted in the last decades -the so called Alternative Dispute Resolution (ADR) methods, including negotiation, mediation or arbitration (Brown and Marriot 1999) . With the advent of the Information Society, these techniques started to be implemented in virtual environments as well, leading to what is today known as Online Dispute Resolution (ODR) (Katsch and Rifkin 2001) . In its most basic form, Online Dispute Resolution simply implements already traditional methods over a communication mean, i.e., instead of negotiating in person, the disputant parties do it over a phone line or a similar mean. However, the latest research trends show that the role of technology in dispute resolution can be further enhanced, namely by using techniques from Artificial Intelligence (Lodder and Thiessen 2003) . In such ODR systems, technology is used not only to put parties into contact but also to suggest solutions, plan strategies or compile useful information.
However, this approach still has some flaws. Namely, when parties use an online tool, a significant amount of important information is lost. This information includes body language, context information or emotional state. All this would be taken into account by a judge or a jury in a litigation in court in a decision making process (Damásio 1994) , even if in an unconscious way, but is lost when using an ODR tool. Its main usefulness is in determining how each aspect of the dispute resolution process affects each party (e.g. is the party happy with the proposed solution?, does the party fill threatened when talking to the other party?, is the party nervous when addressing a specific issue?).
The lack of contextual information that would allow parties to take better decisions is thus due to the low richness of the media used to communicate, mostly text-based. In fact, it results difficult to convey emotions and other aspects of our rich communication processes using text only, something that we do intuitively and unconsciously when we are face-to-face.
The development of ODR systems that are indeed able to perceive the state of the parties is thus of the utmost importance (Friedman and George 1997) . The challenge addressed in this paper is thus the one of acquiring the necessary information to perceive this state.
The use of soft computing techniques can be the answer to this challenge. Indeed, this field has been used recently to address a wide range of different realworld problems (Sedano et al. 2010; Corchado et al. 2010; Corchado et al. 2012; Zargari et al. 2012) . Therefore, in this paper, a novel approach on ODR research is presented, merging different concepts: Ambient Intelligence (AmI), Role-Playing Games (RPG), Emotions, Conflict Handling Styles and Stress. Our objective is to build a knowledge environment that can be used by decision-makers to take more realistic and better framed decisions in a legal context. Ambient Intelligence is a recent technological paradigm in which traditional environments are empowered with the objective of providing useful context-aware services (Aarts and Grotenhuis 2011) . This paradigm establishes the framework and the key ideas for a dynamic knowledge environment supporting the integration of the different concepts described next.
Role-Playing Games are a type of game in which players "interpret" a character created in a given scenario (environment), allowing to create "social laboratories" (Nick 2003; Barreteau et al. 2003) . To represent emotions the models proposed by William James (James 1884) and Carl Lange (Lange 1967) will be followed. This theory suggests that emotions are the result of a response of human physiological external stimuli, i.e., every emotion is associated with a different physiological response (Cannon 1927) . Conflict handling styles depict the way that each one of us reacts before a conflict scenario in terms of assertiveness and cooperativeness. Finally, stress has also a significant influence on our activities and, while a controlled level may even be positive in the generation of ideas and taking of decisions, an increased level of stress may jeopardize the whole process and damage future relationships.
The approach presented in this paper develops around the idea of an intelligent environment for supporting conflict resolution, in which the evaluation of the context of interaction of the parties is an important step for efficiently achieving a mutually satisfactory outcome. Our vision is that parties can be in their own environments, using an ODR tool to solve a conflict, with the respective environments collecting important information and sharing it with the dispute resolution tool. To materialize it, this work brings together two projects: VirtualECare and UMCourt.
Bridging Ambient Intelligence and Online Dispute Resolution
UMCourt and VirtualECare are two research projects maintained by the Intelligent Systems Lab, at the University of Minho. The VirtualECare project (Costa et al. 2008; Costa et al. 2009 ) focuses on the Ambient Intelligence paradigm and has as main objective to develop an agent-based environment able to monitor, interact and provide its customers with services to support daily living. Moreover, this project also focuses on the acquisition of data for supporting high-level decision making. In that sense, the system is able to read environmental and contextual information from its user's environment, including environmental conditions, emotional state or physiological state. VirtualECare's architecture (Figure 1 ) is a distributed one, bringing together two technologies: OSGi and Jade (Open Services Gateway Initiative, 2003; Bellifemine et al. 2007 ). OSGi services are used to connect software agents and devices, hiding their singularities and allowing their functionalities to be accessed as standard services. Jade agents, on the other hand, are in charge of all the analysis and decisions making processes. VirtualECare also implements an OSGi-based fully functional simulation platform that allows for the creation and study of specific scenarios. All the data generated, either by an actual implementation of the system or by the simulation platform, is available to external applications by means of OSGi services.
UMCourt, on the other hand, is a conflict resolution platform being developed under the TIARAC funded project that aims at the development of a multi-faceted agent-based ODR architecture, suited to be used in different legal domains . The main objective is to empower the role of the parties in the dispute resolution process by providing meaningful and contextualized information, proposing solutions, strategies and guidance by means of mediation and negotiation algorithms. Similarly to VirtualECare, this architecture ( Figure 2 ) is also based on OSGi and Jade. This allowed these two projects to come together, laying the path to a new research direction: Dispute Resolution Environments. A detailed description of the architecture and the implemented services is given in (Carneiro et al. 2010b; Carneiro et al. 2009 ). 
Intelligent Environments Supporting Conflict Resolution
Intelligent Environments can improve conflict resolution processes in many different ways. Specifically, different ways in which IEs can be used to provide different types of context information have been explored, to enrich the knowledge available for decision-making. Some of the approaches presented in this section are working implementations while others are simulations that allow us to improve the models used before their actual implementations.
Two different high-level trends are presented in this paper. On the one hand two solutions that are already implemented and working as modules of the UMCourt conflict resolution platform will be detailed. These modules are described in subsections 3.1 and 3.2. The first classifies the conflict resolution style of the parties in real time by analyzing the proposals exchanges against boundary values defined in legal documents. The second assesses the level of stress of users based on their interaction patterns with the devices used as interfaces. Both are performed in a non-intrusive way and provide very important knowledge about the context of interaction to the mediator and to the conflict resolution platform itself.
In the second trend the VirtualECare simulation platform is being used to generate knowledge that can be important for the decision-making processes. Simulation is paramount when it comes to create critical real-world scenarios where the margin of error must be minimal. The VirtualECare simulation tool is used to generate information about the parties, their context and their emotional state. The interest lies on the study of the effect of this information on the automated decision-making processes of UMCourt and assess their actual value for a human mediator.
The tool allows simulating one instance of an intelligent environment setting, fully configurable in terms of devices, rooms, physical properties, user's actions, internal and external atmospheric conditions, among others. This means that the tool allows simulating specific sensors such as temperature or humidity sensors but also vital sign ones. Given the scope of this work, focus will be on the simulation of the emotional state of the parties as an input for UMCourt. Our main aim is that either UMCourt or the mediator can take better decisions by encompassing knowledge about the emotional state of the parties, allowing to adapt and fine-tune strategies in real time. There is also interest in the possibility of creating user groups, based on role-playing games, in which each player can embody a certain character, with a given role and permissions (e.g. mediator, plaintiff, defendant, neutral). This is very important in a legal context since each person has different objectives (which have influence over parameters such as the conflict resolution style or the level of stress). Our objective in the long term is to replace these simulated sensors by real ones, in order to implement an actual dispute resolution environment able to compile all this important information, similarly to what has already been done with the stress estimation and the conflict resolution style classification.
In subsections 3.3 and 3.4 two components of the simulation platform are detailed that allow simulating important user's parameters: the personality traits and the emotions. The simulation of these parameters is important to train and assess the behavior of the conflict resolution platform, allowing to understand how it would behave if actual information about the real users was being used.
Classification of the Conflict Resolution Style
In alternative conflict resolution processes in which humans have a preponderant role, specifically in negotiation and mediation, the style of dealing with the conflict of each party will certainly influence the course of action and, consequently, the outcome. In this line of work focus is placed on developing methods for classifying the conflict resolution style of a person in a non-intrusive way, i.e., without using the traditional self-report instruments (such as questionnaires) with all its known disadvantages and inaccuracies. Kenneth Thomas and Ralph Kilmann formalized the way we respond to conflict situations into five different modes in terms of individual's assertiveness and cooperativeness (Thomas and Kilmann 1974) . The authors defined five different conflict handling styles: competing, accommodating, avoiding, collaborating and compromising.
While the authors used a questionnaire that parties should fill in order to determine their conflict handling style, a different approach was followed. The interactions between the parties are analyzed in real time in order to estimate their style by analyzing the proposals exchanged while negotiating. This analysis is performed based on economical concepts, adapted to the legal domain. Specifically, to correctly analyze each proposal, we need to be aware of the BATNA and WATNA (respectively Best and Worst Alternative to a Negotiated Agreement) (De Vries et al. 20) which indicate the best and worst scenarios possible by law. The ZOPA -Zone of Potential Agreement is also taken into account (Raiffa 1982) , as well as the the MLATNA -Most Likely Alternative to a Negotiated Agreement (describing the most likely scenario from a legal point of view) (Steenbergen 2005) . Generally, a negotiated process goes on with the parties exchanging successive proposals until they agree on a specific one or someone exits the process. The conflict handling style can be estimated by analyzing the proposals exchanged according to the intentions and objectives of the parties and also according to the space defined by the BATNA and WATNA of each party (Figure 3) .
In each round, each action of a party will contribute to the overall characterization of his conflict handling style. Thus, the conflict handling style is a continuous process, not defined by a single interaction but by a continuous analysis of the evolution of the interactions. In each round, two main paths are possible: either the party ignores the proposal or the party answers to the proposal. When a party ignores a proposal, he is exhibiting an Avoiding behavior given that he is satisfying neither his interests nor the ones of the other party.
On the other hand, when the party makes a proposal or a counterproposal, he is cooperating on the process. However, in order to be more precise, the nature of the proposal must be analyzed. Our approach consists in analyzing each proposal in terms of its utility for each party. This analysis is subject to a set of principles.
If the utility of the proposal is higher than the BATNA of the other party, he is showing a Competing style. In fact, the party is trying to maximize his own gain, probably in an unrealistically way, completely disregarding the other party.
If the utility of the proposal is lower than the WATNA of the other party, the party is neglecting his own gain or even maximizing the gain of the other party. This may happen when a party is not aware of his chances, is facing a party with a relationship of power or just wants to end the process quickly. In such a scenario, the party is assumed to be exhibiting an Accommodating behavior.
When the utility of the proposal falls within the range of the ZOPA, it indicates that the party is being reasonable and trying to propose a settlement in which both parties will not win everything but will not lose everything either. In such a scenario, the conflict style is determined according to the distance to the average point of the ZOPA, as defined in equation 1.
Two points are defined that allow classifying the remaining conflict styles, as depicted in equations 2 and 3.
When the utility of a proposal falls within the range defined by [ , ] , the proposing party is negotiating in an intermediary area of the ZOPA. This denotes that the party is trying to reach a compromise with potential losses in both sides. The party is thus evidencing a Compromising behavior.
On the other hand, if the value of the utility is in the range defined by
, the party is proposing a solution closer to the limits of the ZOPA. This may indicate a party that is trying to work out a mutually agreeable solution, but trying to explore the weaknesses of the opposing party, trying to force him to accept it using some position of power. The conflict style of the party is this way defined as Collaborating.
However, it is common that people do not make use of a single conflict style at a time. Moreover, people often change their conflict style according to the evolution of the process. In that sense, a more precise approach is proposed in which a main conflict style is inferred, together with a trend style. This indicates that a party shows a given style with a possible tendency towards another one. The following notation is used to denote a main conflict style with a trend to a secondary one:
Let be the value of the utility of a proposal. The following personal conflict handling styles are defined:
Performing this classification in each round of the process allows the mediator/negotiator to build a notion of the evolution of the conflict handling style of each party (Figure 4) . With this knowledge, the neutral party will be able to determine the best moments to interfere in the process in an attempt to maximize the success of the outcome.
Assessment of the Stress Level
Similarly to the conflict handling style, stress has a significant influence on the decisions taken during a negotiated process. In fact, stress has an influence (positive or negative) on virtually every decision we take. One of the first definitions of stress was proposed by Selye (1956) . According to the author, stress can be seen as a non-specific response of the body to external demands. These demands (the load or stimulus that triggered a response) are denominated stressors while the internal body changes that they produce constitute the actual stress response. In a traditional conflict resolution setting in which all the intervenient parties gather in the physical presence of each other, evaluating the stress level is more or less natural for us: we do it by analyzing the body language and the effects of stress on the body and mind of our interlocutors, in an almost innate way. However, doing it over a virtual communication channel in which all this accessory information is lost results almost impossible. This constitutes a significant obstacle to effective communication and jeopardizes the ability of the negotiator or mediator to take good decisions.
In this line of work focus is placed on estimating the level of stress of the users in a non-intrusive and transparent way and providing this information to support decision making, ultimately contributing to more satisfactory and successful outcomes. Similar approaches can be found in the literature, despite in different fields. (Healey and Picard 2005) analyze the level of stress of the drivers of vehicles, although in an invasive way, whereas in (Vizer et al. 2009 ), detection of stress is performed using keystroke and linguistic features.
In order to develop this model, an experiment was set up whose objective was to determine the effects of stress on behavioral, physical and cognitive parameters. In that sense, a game involving mental calculations and memorization was developed to be played on devices equipped with a basic set of sensors. The devices used to implement the experiment are depicted in Figure 5 and briefly described in Table 1 The participants of the experiment played this game in two different phases. In a first one, the participants would do it without any stressors, with all the time and quietness to think carefully on their decisions. In a second phase, the same participants played the same game but this time subject to stressors such as time constraints, vibrations on the device, annoying and unexpected sounds, among others. The main objective of the experiment was to determine, for each user, which of the studied parameters was affected by stress and in which measure. The parameters considered were as follows:
• Touch pattern -the touch pattern represents the way in which a user touches the device and represents a variation of intensity over a period of time. This information is acquired from touchscreens with support for touch intensity.
• Touch accuracy -a comparison between touches in active controls versus touches in passive areas (e.g. without controls, empty areas) in which there is no sense in touching. This information is acquired from touchscreens.
• Touch intensity -the intensity of the touch represents the amount of force that the user is putting into the touch. It is analyzed in terms of the maximum, minimum and mean intensity of each touch. This information is acquired from touchscreens.
• Touch duration -this represents the time span between the beginning and the end of the touch event. This data is acquired from devices with touchscreens.
• Amount of movement -the amount of movement represents how and how much the user is moving inside the environment. An estimation of the amount of movement from the video camera is built. The image processing stack uses the principles established by Castillo et al. (2011) and uses image difference techniques to calculate the amount of movement between two consecutive frames (Fernández-Caballero et al., 2010) .
• Acceleration -the acceleration is measured from accelerometers in mobile devices. It is useful for building an estimation of how much the user is moving and how he is doing it (e.g. is the user having sudden movements?). Moreover, information from the accelerometer is used to support the estimation of the intensity of touch.
With data about this parameters for each user and for each scenario (stress/no stress), significance tests were performed to determine, to which extent, each user was affected by stress in each parameter. This supported the development of personalized stress models based on the way users interact with the technological devices and on the way they move. The whole experiment is described in detail in (Careiro et al. 2012) .
These stress models allowed us to develop a real-time solution for assessing the level of stress of users. It is non-intrusive since it is based solely on the analysis of the users' interaction patterns. It is reliable since these interaction patterns are hard to fake, are innate and we exhibit them without planning them or thinking about them. It is also transparent: it can be used in conjunction with any application running on a handheld device and provide information about the stress level of the user to a server.
The information compiled about stress includes not only the estimated level of stress but also the contribution of each of the parameters for the levels of stress (e.g. some parameters are more affected than others for given users, thus have different weights). Finally, it also provides a measure of the quality of information given in terms of the number and type of inputs available. In fact, there are moments in which there will be no data for a given input (e.g. in the last seconds the user did not touch the screen). The application can still provide a value of stress based on the other parameters (e.g. accelerometer, amount of movement), although with an expected smaller accuracy. The quality of information quantifies the accuracy of this estimation based on which parameters are available and on the results of the tests of significance (a parameter that has shown significant differences in the tests will provide more reliable information on stress than a parameter that has shown small differences).
This transparent stress estimation layer allows for a mediator to have knowledge about the level of stress of the parties involved in the conflict resolution, allowing him to take better decisions during the process. These decisions may include a change in the strategy, pauses in the process or interrupting direct communication between the parties. With this approach, the mediator is no longer blindly and coldly analyzing proposals from a purely economic perspective. He does it with the support of all this context information, in a way that is more similar to what is done when the parties are together in a single physical location. This will allow for better decisions and, ultimately, for better possibilities of achieving satisfactory outcomes.
Simulation of User Traits
One useful feature in simulation tools concerns the possibility to simulate different user-types. These types are created based on role-playing game techniques, i.e. each user-type will represent a different pre-defined role on the environment, which enables him to perform different actions or exhibit a given behaviour. Thus, the simulation platform allows defining the different actions that each role can perform in the conflict resolution environment (Figure 6 ). The use of role-playing game techniques permits the distinction of the different users with specific characteristics. It also allows to assign different conflict styles to each user group, denoting the way that each one has to deal with the conflict. Fig. 6 . A detail of the configuration of the vital signs of a given user. Vital signs can be configured to behave randomly according to a normal distribution with given parameters or they can be completely planned for the time of the simulation, allowing to plan specific scenarios.
The tool also allows simulating vital signs. These are some of the most important factors in determining the emotional state of an individual. Moreover, vital signs can also be directly related with the stress level. However, the methods for acquiring this information may be invasive and even influence the results. In that sense, for the moment, these are being simulated. The configuration of these parameters is depicted in Figure 7 . By creating different vital sign configurations, one can induce specific scenarios and see how the inference mechanisms create the associated emotional state of a party and, consequently, how the UMCourt platform adapts its strategies according to it. The simulation tool allows to independently configure the vital signs of each user. Two modes are possible: Random and Planned. In Random mode, the vital signs of the different users can be configured to develop randomly, according to configurable Gaussian functions. Alternatively, in the Planned mode, these vital signs can be completely planned. This means that it is possible to configure the exact vital signs of a user in each time instant of the simulation. This allows to, for example, induce a given physiological state for a given time instant and assess how the system reacts to it. 
Simulation of Emotions
The simulation tool can also provide information regarding the emotional state of the users. In order to simulate the emotions of a user in a realistic fashion, a combined use of the user's objectives (bridging with the work described in the previous subsection), the state of the environment and the type of personality is being made. For example, if the user has as objective to maximize his personal gain at all cost and the most likely outcome of the dispute resolution process is one in which his gains are low, the simulated emotion will be between sadness and disappointment. The time that this emotion lasts as well as its intensity is determined by the personality type. To model the personality of each user the OCEAN (Openness, Conscientiousness, Extroversion, Agreeableness and Negative emotionality) model is being used (McCrae et al. 2005) .
To define the emotions, a mutation of the OCC theory (Ortony et al. 1988 ) is being used, defined after the requirements of this specific field of application. Thus, at this moment, our emotional model considers the following basic emotions: happiness, sadness, fear, anger, disappointment and surprise. When defining this basic set of emotions, it was also considered the most suited emotions to express the opinion of the user about a suggestion or action of the system. Evidently, the same actions will trigger different emotions on different users, depending on the personality type. Moreover, the system is able to infer the emotional state of the dispute resolution environment as the average of the emotional state of all the participants in the dispute resolution process. A graphic similar to the one shown previously in figure 7 is computed using the average values of the emotions of all the users, that allows to understand the overall state of the environment. This is useful when the system must perform an action in the common scenarios in which there is a conflict of interests. In this sense, two approaches can be followed. On the one hand, the system can be configured to satisfy the emotions of a particular user or of a user with a given role. On the other hand, the system can be configured to maximize the satisfaction of all the users in the environment.
In this case the mean of the preferences is maximized. This results interesting when we are training automated conflict resolution models to behave in ways that are similar to the ones conducted by human experts.
Conclusion and Future Work
Current trends on ODR tools are not considering important information such as the body language or emotional states. This happens because current tools rely basically on web interfaces. In order to address this problem, a new approach is proposed, based on intelligent environments. It was argued that current tools must be complemented by environments that are able to acquire important context information about the parties and their surroundings. Using this information, ODR tools and mediators/negotiators will be able to determine to which extent a suggestion, an action or a given topic affects each party and, this way, adapt strategies in order to more efficiently achieve more mutually satisfactory outcomes.
Given the complexity of such environments, a simulation platform was used to study and assess the development of the software modules, that are then used in the actual implementation of the UMCourt conflict resolution platform. This allows us to create specific scenarios, with specific user-types and determine how UMCourt and neutrals adapt strategies accordingly (case retrieval, solution proposal, mediation and negotiation conduction).
In future work, more steps will be taken towards the actual implementation of all the modules in a real environment. This includes the acquisition of sensors that will gradually replace the sensors currently being simulated. A database of cases that store the emotional state before and after given actions taken by the ODR system is also being built. This allows us to use a nearest neighbor retrieval algorithm to examine past cases and predict, at each time and based on the conflict styles, how a given action may affect each party. This will allow the system to determine at which point a party moves from an avoiding conflict style to a compromising one (Carneiro et al. 2010a) , for example. In fact, the determination of the conflict styles is a very important feature for a mediator. In future work machine learning techniques such as classification will be used in order to make the selection of cases and compare their effectiveness with the one of the retrieval algorithm. This, we believe, is the path to develop ODR tools that encompass very important context information that is being ignored by current research trends. 
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